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Abstract

Background Although infections are a major cause of

morbidity and mortality after total joint arthroplasty (TJA),

little is known about nationwide epidemiology and trends

of infections after TJA.

Questions/purposes We therefore determined (1) trends

of postoperative pneumonia, urinary tract infection

(UTI), surgical site infection (SSI), sepsis, and severe

sepsis after TJA; (2) risk factors of these infections; (3)

effect of these infections on length of stay (LOS) and

hospital charges; and (4) the infection-related mortality rate

and its predictors.

Methods The International Classification of Diseases,

9th Revision codes were used to identify patients who

underwent TJA and were diagnosed with aforementioned

infections during hospitalization in the Nationwide Inpatient

Sample database from 2002 to 2010. Multivariate analysis

was performed to identify risk factors of these infections.

Results Rates of pneumonia, UTI, SSI, sepsis, and severe

sepsis were 0.74%, 3.26%, 0.31%, 0.25%, and 0.15%,

respectively. Number of comorbidities and type of TJA

were independent predictors of infection. Mortality

decreased during the study period (odds ratio, 0.87; 95%

confidence interval, 0.86–0.89). The median LOS was

3 days without complications but increased in the presence

of SSI (median, 7 days), sepsis (median, 12 days), and

severe sepsis (median, 15 days). Occurrence of pneumonia,

sepsis, and severe sepsis increased risk of mortality 5.2,

8.5, and 66.2 times, respectively.

Conclusions Rates of UTI, pneumonia, and SSI but not

sepsis and severe sepsis are apparently decreasing. The

likelihood of infection is increasing with number of

comorbidities and revision surgeries. Rate of sepsis-related

mortality is also decreasing.

Level of Evidence Level II, prognostic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

THA and TKA are associated with substantial reductions in

pain and restoration of function in patients with advance

arthritis [8, 10, 26, 33]. However, postoperative compli-

cations may compromise the outcome of these procedures

[22]. Postoperative infections and sepsis are major com-

plications after total joint arthroplasty (TJA) because any

postoperative infection increases the likelihood of mortal-

ity up to 32-fold [48] and, in the case of TJA, results in

seeding of the implant and periprosthetic joint infection
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(PJI) [14, 40, 41]. Revision TJA resulting from PJI is

associated with higher costs, increased length of hospital

stay, and a 1% to 2.7% mortality rate [23]. It is estimated

that the cost of treating PJI in the United States will exceed

USD 1.62 billion by 2020 [25]. Moreover, postoperative

sepsis and infection complications also increase patients’

morbidity and mortality, prolong hospital stay, and

increase healthcare resource use regardless of PJI occur-

rence [3]. Therefore, any postoperative infection should be

diagnosed and treated aggressively.

Postoperative sepsis and infection complications have

been investigated widely using administrative databases

such as the Nationwide Inpatient Sample (NIS) [4, 22,

48–50]. Bateman et al. [4] indicated postoperative sepsis

and severe sepsis occur, respectively, in 0.9% and 0.5% of

cases after all types of surgery. They showed an increase in

the rate of postoperative severe sepsis from 0.3% to 0.9%

from 1997 to 2006 but a parallel decline in the rate of

in-hospital mortality after severe sepsis from 44.4% to

34.0% [4]. Vogel et al. [48], in a study not limited to

patients undergoing TJA, indicated that age, sex, race,

economic status of patients, and size and type of hospital

are determinants of postoperative sepsis. Determining the

epidemiologic pattern and risk factors of infection com-

plications and sepsis after TJA will help physicians to

recognize those patients who are at a greater risk of these

complications and who may benefit from special care.

We used the NIS data to determine (1) trends of com-

mon postoperative infection complications (pneumonia,

urinary tract infection [UTI], surgical site infection [SSI],

sepsis, and severe sepsis) after TJA; (2) risk factors of these

infection complications; (3) effect of postoperative infec-

tion and sepsis on length of stay (LOS) and total hospital

charges; and (4) the mortality rate and its predictors

resulting from postoperative infections in patients under-

going TJA.

Materials and Methods

We used the NIS data from 2002 to 2010 for this study. The

NIS developed as part of the Healthcare Cost and Utiliza-

tion Project of the Agency for Healthcare Research and

Quality. The NIS database is the largest all-payer hospital

database in the United States and by their estimate repre-

sents approximately 20% of all hospital inpatient stays [49]

from approximately 1051 hospitals in 45 states. Because the

NIS database has been sufficiently deidentified, this study

was exempt from institutional review board review.

Fig. 1 The NIS data indicate that all TJAs are being performed in

increasing numbers.

Table 1. ICD-9-CM codes were used to detect postoperative infec-

tion complications and sepsis in patients who underwent total joint

arthroplasty

Infection complication ICD-9-CM codes

Pneumonia 997.3, 482.0–482.2, 482.3x,

482.4x, 482.81–482.83,

482.89, 482.9

Urinary tract infection 599.0, 996.64

Surgical site infection 998.31, 998.32, 998.5x

Streptococcal septicemia 038.0

Staphylococcal septicemia 038.1

Pneumococcal septicemia 038.2

Anaerobe septicemia 038.3

Gram-negative septicemia 038.4

Other specified septicemia 038.8

Unspecified septicemia 038.9

Systemic candidiasis 112.5

Systemic inflammatory response

syndrome resulting from

infectious process without

organ dysfunction

995.91

Systemic inflammatory response

syndrome resulting from

infectious process with organ

dysfunction

995.92

Septic shock 785.52

Organ dysfunction

Cardiovascular 427.5, 458,458.8,

458.9, 796.3, 785.5

Respiratory 518.5, 518.81, 418.82,

518.84, 786.09, 799.1

Renal 584

Central nervous system 293.0, 348.1, 348.3, 780.01

ICD-9-CM = International Classification of Diseases, 9th Revision,

Clinical Modification.
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We ran a query based on the International Classification

of Disease, 9th Revision, Clinical Modification (ICD-9-

CM) codes to identify patients who underwent TJA. The

ICD-9-CM codes of 81.51 for primary THA, 81.53 for

revision THA, 81.54 for primary TKA, and 81.55 for

revision TKA were used. The estimated nationwide total

number of procedures increased for all types of TJA during

the period from 2002 to 2010; however, the increase is

more prominent in primary procedures (Fig. 1). Estab-

lished ICD-9-CM codes were used to flag sepsis and

infection complications and organ dysfunctions (Table 1).

Sepsis was defined based on ICD-9 codes and severe sepsis

was considered as sepsis with organ dysfunction [4].

Patients’ comorbidities were determined using the ICD-9

codes for the 29 Elixhauser comorbidities, which are

tracked in the NIS database from 2002 on [18]. The Elix-

hauser comorbidity index has been used frequently in

previous studies using the NIS data [13, 21, 43]. Based on

recent studies, the Elixhauser comorbidity index performs

well in predicting the outcome of patients [7, 11, 27] and

based on the recent systematic review performed by

Sharabiani et al. [42], the Elixhauser comorbidity index

seems to be one of the best comorbidity indices for pre-

dicting outcome of patients in administrative databases.

Therefore, in the present study, we decided to use this

comorbidity index in the analyses.

Rates of UTI, SSI, pneumonia, sepsis, and severe sepsis

were calculated for each year separately using number of

Fig. 2A–C Nationwide trends of pneumonia (A), UTI (B), and SSI (C) are plotted by type of procedure. Controlling for demographic and

clinical factors, these rates all tended to reduce by year.
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TJAs performed in the corresponding year as the denomi-

nator. Mortality rates were also calculated in patients

without sepsis, with sepsis, and severe sepsis separately.

Multivariate logistic regression was performed to identify

which factors were significantly associated with the

occurrence of each of these infections. For each infection a

full model was created using all available patient-level

(demographics, comorbidities, surgery type) and hospital-

level (region, type, size) variables, and then the model was

simplified to remove all parameters not affecting the

predictive power of the model. Factors affecting mortality

were similarly modeled.

Total hospital charges in various years were adjusted to

2010 US dollars. Because neither total hospital charges nor

LOS follow normal (Gaussian) distributions, bivariate

comparisons between infected and noninfected cases were

analyzed using the nonparametric Wilcoxon test. We used

R 2.15.1 (R Foundation for Statistical Computing, Vienna,

Austria) for all analyses and the ‘‘rms’’ package within R

for the logistic regression.

Table 2. Factors associated with infection complications in multivariate analysis

Factor Pneumonia Urinary tract infection Surgical site infection

OR 95% CI p value OR 95% CI p value OR 95% CI p value

Age 1.01 1.01–1.01 \ 0.001 1.04 1.03–1.04 \ 0.001 – – NS

Elixhauser Comorbidity Index 1.32 1.30–1.33 \ 0.001 1.31 1.30–1.31 \ 0.001 1.30 1.27–1.32 \ 0.001

Female 0.83 0.79–0.86 \ 0.001 2.13 12.07–2.19 \ 0.001 0.69 0.65–0.74 \ 0.001

Hospital size

Small REF* – – REF – – REF – –

Medium – – NS 1.13 1.09–1.18 \ 0.001 1.12 1.01–1.24 0.04

Large 0.92 0.86–0.97 \ 0.001 1.18 1.14–1.22 \ 0.001 – – NS

Hospital type

Academic REF – – REF – – REF – –

Rural 0.78 0.72–0.83 \ 0.001 1.15 1.11–1.20 \ 0.001 0.73 0.65–0.81 \ 0.001

Urban private 0.75 0.71–0.80 \ 0.001 1.32 1.28–1.36 \ 0.001 0.84 0.77–0.92 \ 0.001

Geographic region

Northeast REF – – REF – – REF – –

Midwest 0.80 0.74–0.85 \ 0.001 1.08 1.04–1.12 \ 0.001 0.89 0.80–0.98 0.02

South 1.22 1.14–1.30 \ 0.001 0.86 0.82–0.89 \ 0.001 – – NS

West 0.85 0.81–0.89 \ 0.001 0.94 0.92–0.96 \ 0.001 1.11 1.04–1.20 \ 0.001

Ethnicity 1.12 0.98–1.28 0.07

White REF – – REF – – REF – –

Black – – NS 1.20 1.16–1.26 \ 0.001 – – NS

Hispanic – – NS 1.21 1.15–1.28 \ 0.001 1.19 1.03–1.38 0.02

Asian 1.46 1.22–1.76 \ 0.001 NS NS NS 1.58 1.21–2.06 \ 0.001

Native American – – NS 1.55 1.32–1.80 \ 0.001 – – NS

Type of arthroplasty

THA 1.33 1.19–1.49 \ 0.001 1.43 1.39–1.46 \ 0.001 1.34 1.13–1.58 \ 0.001

TKA 1.28 1.15–1.43 \ 0.001 – – NS 0.85 0.78–0.93 \ 0.001

Revision THA 1.44 1.25–1.65 \ 0.001 2.38 2.28–2.47 \ 0.001 – – NS

Revision TKA – – NS 1.41 1.34–1.47 \ 0.001 – – NS

Insurance

Medicare REF – – REF – – REF – –

Medicaid – – NS 1.36 1.27–1.46 \ 0.001 – – NS

Private – – NS 0.93 0.90–0.96 \ 0.001 2.29 1.77–2.96 \ 0.001

Self–pay – – NS 1.37 1.18–1.59 \ 0.001 3.29 2.55–4.23 \ 0.001

No charge – – NS 1.77 1.33–2.35 \ 0.001 12.18 9.45–15.69 \ 0.001

Other – – NS – – NS 12.79 9.96–16.43 \ 0.001

Year 0.91 0.90–0.91 \ 0.001 0.99 0.99–1.00 0.001 0.98 0.97–0.99 0.003

* For factors with more than two categories, the reference category is labeled REF; OR = odds ratio; CI = confidence interval; NS = not

significant.
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Results

Overall rates of pneumonia, UTI, and SSI were 0.74%,

3.26%, and 0.31%, respectively, for the cases queried.

Rates of pneumonia decreased over time (Fig. 2A). The

multivariate model (Table 2) indicated that revision TKA

had lower rates of pneumonia than each of the other sur-

geries. UTI (Fig. 2B) and SSI (Fig. 2C) rates were both

relatively flat over the period queried, but the multivariate

analysis indicates that when other demographic and clinical

factors were controlled for, both infection rates would drop

over time although not as sharply as pneumonia (odd ratio

[OR], 0.98–0.99 per year versus 0.91 per year for pneu-

monia). Revision hip surgeries had the largest rates of UTI

(6.47%), whereas revisions of either joint had higher rates

of SSI (1.07% hip; 1.11% knee). Sepsis occurred in a total

of 0.25% of cases after TJA; 0.15% of cases were severe

sepsis (Fig. 3A–B). Revision surgeries were associated

with greater rates of sepsis. Overall sepsis rates were

1.31% within revision hip and 1.60% within revision knee;

severe sepsis rates were 0.73% in revision hip and 0.68%

within revision knee.

Logistic regression models (Table 2) showed that all

three infection (pneumonia, UTI, and SSI) rates declined

with year; however, the rate was largest in pneumonia.

Revision THA was predicted to have the largest rates of

UTI (OR, 2.38; 95% confidence interval [CI], 2.28–2.35).

The large OR seen when primary insurance was no charge

or other suggested the payer field reflects change in

responsibility when an SSI occurs. Recomputing the model

excluding primary payer, the ORs for revision THA

became 12.39 (95% CI, 9.62–15.95) and for revision TKA

12.90 (95% CI, 10.05–16.57) with a negligible effect on

other parameters. Revision surgery was a major risk factor

for sepsis or severe sepsis and rates increased over time

(Table 3). Patients on Medicaid were likelier to develop

any sepsis; however, this effect was not as strong as for

severe sepsis (OR, 1.74 versus OR, 1.13).

Median LOS was 3 days (interquartile range [IQR],

3–4 days) in patients without infection complications. LOS

increased in the presence of SSI (median, 7 days; IQR,

5–11 days; p \ 0.001), sepsis (median, 12 days; IQR,

7–20 days; p \ 0.001), and severe sepsis (median, 15 days;

IQR, 9–24; p \ 0.001). Median hospital charges increased

with the presence of any infection (pneumonia, UTI, or SSI)

but this trend was small compared with the overall variation

in charges (Fig. 4A). A more striking increase in total

charges is produced by the presence of sepsis (Fig. 4B).

Total rate of mortality in patients was 0.14% but

increased to 12.97% and 20.31% in patients with sepsis and

severe sepsis, respectively (Fig. 5). Logistic regression

analysis confirmed that mortality decreased during the

study period (OR, 0.87; 95% CI, 0.86–0.89; p \ 0.001).

Occurrence of pneumonia, sepsis, and severe sepsis

increased risk of mortality 5.23, 8.56, and 66.27 times,

respectively (Table 4).

Discussion

Any infection after TJA should be considered as a serious

complication and treated aggressively because of the possi-

bility of seeding the prosthesis leading to PJI [14, 40, 41].

However, national epidemiologic pattern, trends, and impact

Fig. 3A–B Trends of sepsis (A) and severe sepsis (B) from 2002 to 2010. Rates of any sepsis (severe or not severe) or severe alone increase

annually.
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of postoperative infections and sepsis on LOS and hospital

charges after TJA have not yet well defined. Using nationally

representative data, the present study aims to determine (1)

trends of postoperative infections including pneumonia,

UTI, SSI, sepsis, and severe sepsis after TJA; (2) risk factors

of these infections; (3) effect of postoperative infection and

sepsis on LOS and total hospital charges; and (4) the infec-

tion-related mortality rate and its predictors.

The present study, similar to previous reports from

administrative databases, has some limitations that should

be highlighted before discussing our findings. First, we only

tried to illustrate epidemiologic patterns and risk factors of

infection complications and sepsis after TJA. We were not

able to explore the cause of some findings because many

factors contribute to development of postoperative infection

and sepsis that are not available in the NIS database. Where

possible, numerous relevant variables that might affect

infection complications were included in the multivariate

models. Second, the NIS database provides only in-hospital

complications and mortality and patients cannot be fol-

lowed up after hospital discharge. Therefore, it is expected

that the rate of postoperative infection, sepsis, and mortality

would be higher than what we found. A relatively lower rate

of SSI in this study compared with the reported incidence in

the literature [32, 38, 46] can be explained by missing

postdischarge SSI episodes in this study. Although the

incidence of SSI after TJA varies in different reports, the

incidence of SSI after primary TJA in our study was always

Table 3. Factors associated with sepsis and severe sepsis in multivariate analysis

Factor Any sepsis Severe sepsis

OR 95% CI p value OR 95% CI p value

Age 1.03 1.03–1.04 \ 0.001 1.03 1.02–1.03 \ 0.001

Elixhauser Comorbidity Index 1.63 1.59–1.67 \ 0.001 1.64 1.63–1.65 \ 0.001

Female 0.54 0.49–0.58 \ 0.001 0.69 0.68–0.70 \ 0.001

Hospital size

Small REF* – – REF – –

Medium 1.56 1.33–1.83 \ 0.001 1.13 1.10–1.16 \ 0.001

Large 1.63 1.41–1.89 \ 0.001 1.15 1.12–1.18 \ 0.001

Geographic region

Northeast REF – – REF – –

Midwest 0.85 0.74–0.98 0.02 1.13 1.10–1.16 \ 0.001

South – – NS 1.17 1.15–1.20 \ 0.001

West – – NS – – NS

Ethnicity

White REF – – REF – –

Black – – NS 1.05 1.02–1.09 \ 0.001

Hispanic – – NS – – NS

Asian – – NS 1.20 1.11–1.30 \ 0.001

Native American – – NS – – NS

Type of arthroplasty

THA 1.72 1.53–1.92 \ 0.001 1.78 1.54–2.06 \ 0.001

TKA – – NS 1.27 1.10–1.47 \ 0.001

Revision THA 7.76 6.91–8.71 \ 0.001 2.50 2.16–2.89 \ 0.001

Revision TKA 8.07 7.20–9.06 \ 0.001 1.57 1.35–1.81 \ 0.001

Insurance

Medicare REF – – REF – –

Medicaid 1.74 1.39–2.18 \ 0.001 1.13 1.07–1.19 \ 0.001

Private 0.78 0.68–0.88 \ 0.001 0.96 0.94–0.98 \ 0.001

Self-pay – – NS 1.26 1.12–1.41 0.22

No charge – – NS – – NS

Other 0.70 0.51–0.96 0.03 – – NS

Year 1.04 1.02–1.05 \ 0.001 1.08 1.08–1.09 \ 0.0001

* For factors with more than two categories, the reference category is labeled REF; OR = odds ratio; CI = confidence interval; NS = not significant.
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less than 0.4%, much lower than the incidence of 0.7% to

1.8% in the literature [6]. Third, the ICD-9 codes used in the

NIS database are subject to variation in definition of com-

plications and unintentional errors [47] between different

hospitals. Administrative coding is reportedly inaccurate for

detecting infection complications [20, 44, 45, 51]; however,

using administrative databases is the most feasible and cost-

effective method to evaluate epidemiologic pattern of

infection complications after TJA. Fourth, we did not con-

trol for other in-hospital systemic complications such as

cardiovascular and renal complications, stroke, venous

thromboembolism, and other systemic infections that can

affect LOS of hospitalization. Given the relatively low

incidence of these systemic complications after TJA, and

that our analysis controlled for other variables that can

influence development of these complications, we believe

the results of the present study are less likely to be affected

by this limitation.

Literature reports show considerable variation in the rates

of postoperative sepsis and infection complications likely

resulting from differences in methodology and definition of

complications (Table 5); these differences make comparison

of the data and conclusions difficult. Because we took only

in-hospital complications into account, the rate of infections

may be lower than studies with longer followup. According

to our findings, rates of SSI, UTI, and pneumonia but not

sepsis and severe sepsis are decreasing. The increasing

trends in sepsis and severe sepsis rates are consistent with

previous reports [4, 17, 28] but causes of this increase cannot

be investigated by the NIS data. The decline in the rate of SSI

in recent years is interesting because Kurtz et al. [25], using

the NIS data set, had previously described increasing rates of

PJI after TJA. Because we did not query for specific ICD-9

codes for PJI, our findings may reflect mainly superficial SSI

that can explain this discrepancy. Moreover, reduction in

LOS in recent decades results in an underestimation of in-

hospital infection complications including SSI after TJA.

Some of these patients will be readmitted to the hospital

during the first month after the index TJA [12].

Our findings are consistent with previous reports indi-

cating a lower rate of sepsis and severe sepsis as well as

sepsis-related mortality in females than males [1, 4, 16, 52].

The sex discrepancy in development and outcome of

infection and sepsis can be partly explained by the action of

sex hormones on immune system function. Estrogen

enhances immune function [2] and may even result in

autoimmune disorders, whereas testosterone suppresses

immune function [2, 5]. Moreover, variations in societal

Fig. 5 Rate of mortality after TJA decreases per year but is sharply

increased by the presence of sepsis.

Fig. 4A–B Comparison of hospitalization charges between patients

without any infection and those with UTI or SSI and pneumonia

(A) and a similar comparison between patients without sepsis and

those with sepsis of any kind or those with specifically severe sepsis

(B). Figures demonstrate infections increase hospital charges in

patients having TJA.
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role and exposures of male and females may also play a

role [5]. UTI was the only infection that was observed

more frequently in females because it was expected and

has been previously reported that women are at greater risk

of UTI after TJA [19]. We found race can affect occur-

rence of some of the infectious complications and sepsis.

As has been suggested, race can be an indicator for sec-

ondary issues that can affect incidence and outcome of

infectious complications and sepsis, whereas they cannot

be explored using administrative databases [47]. Race can

indirectly indicate preexisting comorbidities and socio-

economic status [47]. Type of insurance that facilitates

healthcare access was another factor that came up in T
a
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Table 4. Factors associated with mortality in multivariate analysis

Factor OR 95% CI p value

Age 1.08 1.03–1.04 \ 0.001

Elixhauser Comorbidity

Index

1.36 1.32–1.40 \ 0.001

Female 0.67 0.61–0.74 \ 0.001

Geographic region

Northeast REF – –

Midwest 0.84 0.73–0.98 0.03

South – – NS

West 0.71 0.61–0.82 NS

Ethnicity

White REF – –

Black 1.50 1.26–1.79 \ 0.001

Hispanic – – NS

Asian – – NS

Native American – – NS

Type of arthroplasty

THA 1.84 1.66–2.03 \ 0.001

TKA – – NS

Revision THA 2.94 2.58–3.37 \ 0.001

Revision TKA – – NS

Insurance

Medicare REF – –

Medicaid 1.92 1.40–2.63 \ 0.001

Private – – NS

Self-pay 2.07 1.14–3.75 0.016

No charge – – NS

Other 0.70 0.51–0.96 0.03

Year 0.88 0.86–0.89 \ 0.001

UTI 1.47 1.27–1.71 \ 0.001

Pneumonia 5.23 4.35–6.30 \ 0.001

Sepsis 8.56 5.97–12.28 \ 0.001

Severe sepsis 66.28 57.18–76.81 \ 0.001

* For factors with more than two categories, the reference category is

labeled REF; OR = odds ratio; CI = confidence interval; NS = not

significant; UTI = urinary tract infection.
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multivariate analysis as an independent predictor of some

of the infectious complications. Our results are consistent

with those of O’Brien et al. [30] that showed patients with

Medicaid insurance are at greater risk for development of

sepsis and in-hospital mortality. This increased risk might

be attributable to higher preexisting comorbidities, which

were not considered in the Elixhauser comorbidities as well

as access to healthcare facilities.

We found that development of postoperative SSI, sepsis,

and severe sepsis prolongs LOS and increases hospital

charges consistent with previous reports [24, 34]. It has

been found that in surgical patients, development of post-

operative complications such as infections will prolong

LOS, which consequently may increase hospital charges

[15, 49]. Development of postoperative infections delays

hospital discharge until appropriate workup and treatment

are performed.

Using data from National Hospital Discharge Survey,

Martin et al. [28] showed that the incidence of sepsis and

the number of sepsis-related deaths increased, whereas the

overall in-hospital mortality rate of sepsis declined from

1979 to 2000. Similarly, a later study by Dombrovskiy

et al. [17] also indicated the rate of in-hospital sepsis-

related mortality increased from 1993 to 2003. These two

studies [17, 28] reported any sepsis leading to hospital-

ization including both medical and surgical cases. In

contrary, the study by Bateman et al. [4], which only

included postoperative severe sepsis from the NIS data,

indicated decline in the rate of in-hospital severe sepsis-

related mortality from 1997 to 2006. Similar to this study

[4], we also found a decline in the sepsis-related mortality

rate. Decline in the mortality rate may be explained by

improvement in monitoring of patients and early diagnosis

of sepsis during hospitalization (indicated by an increase in

the number of sepsis during the study period), early goal-

directed therapy [39], and introducing new drugs for

treatment of sepsis [37].

Our data and analyses suggest the rates of UTI, pneu-

monia, and SSI are decreasing after TJA. The likelihood of

infection is increasing with number of comorbidities and

revision surgeries, whereas female sex is protective against

sepsis and the majority of infection complications except

UTI. The rates of sepsis and severe sepsis after TJA are

increasing, whereas the rate of sepsis-related mortality is

decreasing.
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